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Abstract 
To evaluate the hourly and daily global solar irradiation received on a horizontal surface at the ground in Algeria, we 
have applied a physical model to the Meteosat second generation images (MSG). This model is GISTEL (Solar 
Radiation by Teledetection), initially built by C. Delorme in 1987 to estimate daily solar irradiation in France from 
B2 images collected by Meteosat 2. In this study, this model is used to process MSG-2 images. The resolution of 
these images equals 3 km x 3 km,. They were collected every fifteen minutes, in twelve channels of different 
wavelengths. Among these channels, only the two visible channels (VIS006 and VIS008) for February 2011 are 
considered. The method so developed aims at looking for a correspondence between the radiometric value of each 
pixel position (line, column) on the image, and the global solar irradiation received at the ground. Thus, we calculated 
the global solar irradiation for the station of Tamanrasset located at the south of Algeria (latitude 22.78°N, longitude 
5.51°E). The obtained results were then compared to the ground solar measurements recorded by a pyranometer in 
this station for February 2011. It was found that the MSG-SEVIRI estimated values are close to the ground 
measurements. In particular, the correlation coefficient is about 77% on an hourly basis and 96% on a daily basis.  
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1. Introduction 
Algeria has a very important solar energy. The amount of daily energy received on the ground is 
5KWh/m2, nearly 700KWh/m2 in year in the north and 2263kWh/m2 in the south. The knowledge of this 
energy is of major interest for the design and sizing solar energy systems. Thus, a good design is only 
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possible if the measurements are available continuously in space and time. For this, it is necessary to have 
a series of continuous measurements of solar radiation reaching the ground from different meteorological 
stations. Although there is in Algeria a network of meteorological measurement stations, its density is 
insufficient to have a good measure of solar radiation. To overcome this insufficiency, the estimation 
models exploiting satellite imagery, in particular those collected by geostationary satellites have been 
developed [1-3]. GISTEL [4, 5] is one of the physical models that have proven their efficiency to 
reconstruct hourly and daily cycles of solar radiation. This model is based on a relationship between the 
clearness index determined from the meteosat images, and the global solar irradiation received at the 
ground under clear sky.  
2. Presentation of the data base (ground measurements and satellite images) 
We used in this study two types of data: on the one hand, the ground measurements which are hourly 
and daily irradiation recorded by a pyranomètre in the station of Tamanrasset located at the south of 
Algeria (latitude 22.78 ° N, 5.51 ° E longitude) for February 2011. On the other hand, the Meteosat 
Second Generation images (MSG) taken by the geostationary satellite MSG-2. They were collected in the 
two visible channels (VIS006 and VIS008) during the month of February 2011 between 8H and 17H with 
an interval of fifteen minutes. These images which we considered consist of 603 x 696 pixels and 
represent Algeria. They are extracted from the MSG images covering the earth disc and consist of 
3712x3712 pixels. To make this extraction, we located the interest area (Algeria) by its geographical 
coordinates (latitude between 18° and 38° North, longitude between 10° West and 12° East), then we 
converted these coordinates using the conversion program to the geographical coordinates into the image 
coordinates given by EUMETSAT [6], and we got the line and column numbers corresponding. We thus 
constituted a base of images of 603 x 696 pixels (see fig.1). Then, we localized the station of Tamanrasset 
on all images that make up our database.  
The numerical counts of each pixel of these images are then converted into radiances by using the 
following calibration’s relationship [7]: 
 R ൌൈ̴൅̴ሺͳሻ 
Where R is the radiance in (W/m2/sr), CN is the numerical count; CAL_slope and CAL_offset are the 
calibration coefficients [8]. 
 
Fig. 1. The study area extracted from a full disk image taken on February, 8 2011 at 12 UTC 
 Fariza Meziani et al. /  Energy Procedia  36 ( 2013 )  525 – 534 527
3. Methodology 
The adopted methodology has several steps that we have summarized by the diagram of fig.2 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
Fig. 2. The different steps to follow to estimate the global solar irradiation at the ground  
3.1. Estimation of the global solar radiation (Gc) under clear sky 
The clear sky model used in the GISTEL model is that adopted by the world organization of 
meteorology (WMO) [9]. This model essentially depends on the solar height (hs) and the Linke turbidity 
factor (TL), and it is given by the equation (2). 
 
 
ൌሺͳ͵ͲͲȂͷ͹ሻሾሺሻሿሾሺ͵͸൅ሻȀ͵͵ሿሺʹሻ 
With 
 cor: correction factor of the earth-sun distance. It is given by the following equation: 
 
 ൌͳ൅ͲǡͲ͵ͶሺͲǡͻͺ͸ሺȂ͵ሻሻሺ͵ሻ
 
Where d is the number of the days of the year. 
TL: Linke turbidity factor that characterizes the atmospheric disturbance, it can be defined as the number 
of atmospheres clean and dry (no aerosols and water vapor) which, if they were superimposed, they 
would involve the same attenuation as the real atmosphere.  
 hs: the angle of the solar height which represents the elevation of the sun in the sky during the day. This 
angle varied from 0 ° (at sunrise and sunset) to reach the maximum (90 °) in the middle of the day (solar 
noon). 
3.2. Calculation of the ground  instantaneous reflexion coefficient (Rib(x, y, d, h)) 
The reflection coefficients reflect the reflection of solar radiation on the surface. While the irradiation 
received by the satellite is the sum of the irradiation reflected by the ground and reflected by the 
atmosphere. For that, we extracted from the brightness Bi (x, y, d, h) of the pixel considered of all images, 
the atmospheric brightness Ba (x, y, d, h) which is the response recorded by the satellite above the sea by 
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a clear sky. This brightness is considered constant, and it is equal to 12 [4]. The instantaneous reflexion 
coefficient Rib(x, y, d, h) corresponding for each pixel (x,y) at the day d and the hour h are given by the 
equation below: 
 
ܴܾ݅ሺ݀ǡ ݄ሻ ൌ ܤ݅ሺݔǡ ݕǡ ݀ǡ ݄ሻ െ ܤ݅ܽሺݔǡ ݕǡ ݀ǡ ݄ሻܭǤ ܩܿሺݔǡ ݕǡ ݀ǡ ݄ሻǤ ܶ݅ሺݔǡ ݕǡ ݀ǡ ݄ሻ ሺͶሻ
 
Where K is the factor calibration of the visible channel detector of MSG-2, K = 0514, Ti (x, y, d, h): the 
transmission coefficient of the direct irradiation between the ground and the satellite. It is given by the 
following equation: 
  
ܶ݅ ൌ ሺͳ͵ͻͲ െ ͵ͳ ௅ܶሻͳ͵͸͹ ݁ݔ݌ ൤െ
௅ܶ
ͳʹǤ͸ݏ݅݊ሺ݄ݒ ൅ ʹሻ൨ሺͷሻ 
Where hv is the angle height of the satellite, given by: 
 
݄ݒ ൌ ܽݎܿݏ݅݊ ቆͳǤͺʹ͸ܿ݋ݏሺ߮ሻܿ݋ݏሺߠሻ െ ͲǤʹ͹Ͷඥ͵ǤͶͳ െ ሺ߮ሻ ሺߠሻ ቇሺ͸ሻ 
 
θ et φ are respectively the latitude and the longitude. 
3.3. Determination of the two reference images  
The two reference images are those of the reflection coefficients obtained on clear and overcast sky. 
These images were obtained using a sequence of images taken over a sufficiently long period at 12h 
UTC. The reference image in clear sky is obtained by assigning to each pixel, the minimum value of the 
reflection coefficient which appears at least once in the sequence of images. The reference image in 
overcast sky is made by selecting pixels which the value of the reflection coefficient is greatest during the 
same sequence of images. The figure below illustrates the two reference images obtained by this 
reasoning. 
 
Fig. 3. Cloudy sky reference image                                         Fig. 4. Clear sky reference image 
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3.4. Estimation of clearness index (Kt) 
Let Rc, the reflection coefficient observed in clear sky and Rn, the reflection coefficient obtained in 
cloudy sky. For each image, the comparison pixel by pixel and hour by hour, of the instantaneous 
reflexion coefficients with the two thresholds Rc and Rn can classify the sky into three classes namely the 
clear sky, partially covered sky and cloudy sky, and to award to each state a clearness index 
corresponding according to the relations (7) to (9). According to this classification, if a pixel presents a 
reflexion coefficient lower than the threshold Rc, we consider that we are in an ideal case of clear sky.  
Thus, if the value of the reflexion coefficient is higher than the threshold Rn, the sky is completely 
covered. 
x Clear sky : Rib≤Rc :                               kt=1                                                                               (7) 
x Partially covered sky: Rc൏Rib൏Rn :     kt=1- (1-Ko)ሺோ௜௕ିோ௖ሻሺோ௡ିோ௖ሻ                                                     (8) 
x Completely covered sky: Rib൒Rn :       kt=Ko                                                                               (9) 
 
3.5. Instantaneous global solar radiation (Gi) 
For each pixel, we obtained the instantaneous global solar radiation Gi(x, y, d, h) by multiplying the 
clearness index kt by the global solar radiation obtained under clear sky Gc(x, y, d, h). It is given by the 
following equation: 
 

ሺǡǡǡሻൌൈ
ሺǡǡǡሻሺͳͲሻ

In the case of a clear sky, the irradiation received at the ground is that calculated by clear sky. If the 
sky is completely covered by opaque clouds, the solar irradiation is reflected by the clouds before arriving 
on the ground, and only the diffuse radiation reached on the ground.  In this case, the global irradiation is 
not more than about 20% of the value of Gc [10]: 
4. Experimental results 
4.1. Estimation of the instantaneous global solar radiation 
The solar data extracted from satellite images represent the intensity of solar radiation expressed in 
W/m2 or called solar radiance. This radiance is determined by a relation between the clearness index and 
the global solar irradiation under clear sky. After determination of the clearness indices corresponding to 
the images taken respectively from 8H to 17H for the station of Tamanrasset using the equations (7-9), 
and after the calculation of the global solar radiation received on a horizontal surface at the ground by 
clear sky (given by equation 2) at the same instants of taking the images, we estimated the global solar 
radiation using the equation (10). The obtained results of the solar radiation estimation in the two 
channels are illustrated in fig.5. and in fig.6. 
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Fig. 5 The estimated global solar radiation for the station of Tamanrasset in February 13, 17, 22 and 27 2011 in the 
visible channel VIS006 
  
      
Fig. 6 The estimated global solar radiation for the station of Tamanrasset in February 13, 17, 22 and 27 2011 in the 
visible channel VIS008 
 
 
According to the figures above, we note that the solar radiation varies during the day. It is low in the 
vicinity of sunrise and sunset and reached the maximum in the middle of the day if the sky keeps the 
same state for a day. By cons, if the sky changes from one state to another, significant fluctuations occur 
on the radiation. These fluctuations are mainly due to the presence of clouds. The variations in solar 
irradiation are proportional to changes in clearness index which characterizes the state of the sky: 
VIS006 
VIS008 
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Kt = 1, the sky is clear, Kt = 0.2, the sky is completely covered; 
0.2 < Kt < 1, in this interval, the sky is always in the same state i.e, partially covered, but the variations of 
the clearness index as well as the radiation are observed (see fig.7). These variations are due to the type of 
clouds, their thickness and their altitude. 
 
 
Fig. 7 Variation in global solar radiation and clearness index during February, 09 2011 for VIS006 
 
4.2. Estimation of the hourly and daily global solar irradiation 
The hourly global solar irradiation expressed in Wh/m2 is obtained by integrating the radiation 
obtained previously on an interval of one hour (between two successive hour t and t+1) according to the 
equation (11). The sum of these irradiations during a day gives the daily irradiations. The figure below 
shows the evolution of the hourly and daily global solar irradiation for February 2011. 
ܩ௜ሺݐǡ ݐ ൅ ͳሻ ൌ න ܩ௧ሺݐሻ݀ݐ
௧ାଵ
௧
ሺͳͳሻ 
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Fig. 8 (a) Estimated hourly global solar irradiation for five days for February 2011 in the visible channel VIS006;   
(b) Estimated daily global solar irradiation in the two channels VIS006 and VIS008 for February 2011 
4.3. Comparison of the estimated values to the ground measurements  
To validate our results, a comparison between the estimated and measured values is important. The 
ground measurements recorded by a pyranometer are irradiations (Wh/m2). These measurements result 
from the integration of radiation on a time interval of one hour. We compared the hourly global solar 
irradiations estimated by the model with the ground measurements collected in the station of 
Tamanrasset. The comparative analysis is carried out at base of the correlation coefficient. The results of 
this comparison are illustrated by the following tables and figures. 
 
Table 1. Correlation Coefficients R obtained by the comparison of the hourly global solar irradiations estimated and the ground 
measurements for the period February, 8 to February, 18  2011. 
 
 
Date  08/02 09/02 10/02 11/02 12/02 13/02 14/02 15/02 16/02 17/02 18/02 
R(VIS006) 
R(VIS008) 
0.73 
0.72 
0.71 
0.73 
0.70 
0.77 
0.58 
0.56 
0.76 
0.75 
0.58 
0.65 
0.80 
0.80 
0.74 
0.74 
0.75 
0.75 
0.76 
0.76 
0.79 
0.79 
 
Table 2. Correlation Coefficients obtained by the comparison of the hourly global solar irradiations estimated and the ground solar 
measurements for the period February 19, 2011- 28, 2011 
 
 
Date  19/02 20/02 21/02 22/02 23/02 24/02 25/02 26/02 27/02 28/02 
R(VIS006) 
R(VIS008) 
0.78 
0.78 
0.75 
0.74 
0.79 
0.80 
0.77 
0.76 
0.75 
0.75 
0.76 
0 .76 
0.77 
0.76 
0.77 
0.76 
0.75 
0.75 
0.81 
0.78 
 
The correlation coefficients linking the hourly estimations to the ground measurements are 
satisfactory, they are approaching 80%. The correlation coefficient which is about 56% corresponds to 
overcast situations or situations characterized by a variable clearness index (clear sky, partially covered 
and covered for the same day). 
 The figure below represents the scattergrams formed by plotting the couples of the hourly ground 
measurements and the MSG-SEVIRI estimated values. 
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Fig.9 Comparison between the estimated hourly global irradiations and the hourly ground measurements 
 
The following figure represents the scattergrams formed by plotting the couples of the daily ground 
measurements and the MSG-SEVIRI estimated values on a daily basis. 
 
         
Fig.10 Comparison between the estimated daily global irradiations and the daily ground measurements 
 
534   Fariza Meziani et al. /  Energy Procedia  36 ( 2013 )  525 – 534 
By analyzing these figures, we note a concentration of the points around the regression line in the case 
of clear sky. We observe a considerable dispersion around regression line which corresponds to 
measurements in covered sky. The correlation coefficients obtained by the comparison of the hourly and 
daily global solar irradiations estimated and measured are respectively about 77%  and 96%.  
5. Conclusion 
The application that we have developed here permits to estimate the global solar irradiation received at 
the ground in various states of sky (clear sky, partially covered and covered sky). It is based on the 
principle of GISTEL model, this last is based on a relationship between the clearness index determined 
from satellite images and global irradiation reaching the ground by clear sky. The obtained results with 
MSG images in the two visible channels VIS006 and VIS008 are satisfactory. They were validated for the 
station of Tamanrasset (Algeria) by transforming radiations into irradiations and comparing these last 
with the ground measurements. These results show that our approach is well adapted to the processing of 
MSG images.  
However, as we considered a processing on a series of images of one month, it will be interesting to 
spread this application to a database more considerable, a series of images collected over one year and 
more, and to applied it to other Algerian sites, if we take into account the availability of pyranometric 
measurements. 
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